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Objectives

• Develop and Validate Manufacturing Processes and
Technology for Fabrication of Large Scale

Cryogenic Tanks

• Establish Scale-Up and Facilitization Plan for Full
Scale Cryotanks

° Develop Non-Autoclave Composite Manufacturing
Processes

• Fabricate Subscale Tank Joints for Element Tests

• Perform Manufacturing Risk Reduction Trials for
Subscale Tank

• Develop Full Scale Tank Manufacturing Concepts



Non-Autoclave Evaluation Factors

• Compatibility With Design

• Ability to be Scaled Up

• Maturity of Materials

• Laminate Quality (Compared to Autoclave Baseline)

Cured Laminate Thickness _ Thickness wBn _ ions

Defects and Other Anomalies <Laminute Purosity Bridging ,'Resin
Slarved CondKions Unhands,' Enhal:)l;ed Air 31;d Voids

Lamin;de Anomalies (Mark-c.ff From Process ig Fiber Wnnkflnq ,'
Waveless Fiber Volume J'Resin Volume Varlahons)

C-Scan

--Mechanical Properties

VARTM Evaluation

Malerials Maturity

• Unidirecliorla_ Preforms Need Significant Development

Uni-Fabrics Only Used in Experimenl;d Environments and Have
Minimal Process and Mechanlcat Dala Available

Filament Wound Tow Preform Concept Requires Development of
Compalible Sizing and Method for Integration of Doublers

• Struclural Foam Cores Not Malure Do Nol Have Equivalel_l Strenglh

_D{.msity Ratios 1o Honeycomb

• Must Develop Weight Eflectwe Melhod tar Seahng Bonding to use
Horl_!ycoml)

• Me_.h;m_cnl Dula un VARTM Res./ Systems W_s Very Lirluted

Exce,ul for f:JMl Materials

Typically Had Lower Mechanical Properhes And T_ugheess Than
Prepreg Materials

- Will Require Exlensive Certificalion
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Enhance Cure Processing Approaches

Mandrel E_.__pansion

Shrink Taf)oslMatorials

Batten( Techn_ ues

_ Materials



Enhance Cure Processing Evaluation

Desi n Corn atlbilit

• Shnnk Tape Approach Limited by Contour

Must Be Male Teol With Convex Surface

DklfluLJlt IO Apply to Don]e_Conrpuund Contour Ar,,,as

Difficult to Ir_corporale Localized Fnalures \,%hthoul C;tuging

Br_dg.)g

• Mandrel Expansion

Aids IML Skirl Compaction Bill QtlestionLlbie f{)r

DoubR!rs Features Nol Constrauled by Skill Phes and Processes

After Skm is Cured

Toohng Complexity Increases for Outer Skin Compaelion

MusI Rely on Other Con/plemenlary Processes

Exp;]nslon Approach Limits Toc, I Design Fle×lbihly

• Bagging Techniques and Specialty Materials Appear Compatible

With Most Designs Proposed

Enhance Cure Processing Evaluation

Materials Maturity

• LOW Pressure Processmg Materials (e g LTM) Did Not Have

Acceplable Mechanical Properties or Had Unacceptablu Oul TiR'les

• Net Thnckness Prepreg Materials Have Only Been Used tor Autoclave

Cures

• Standard Prepreg Materials Selected for Most Process Testing

- Will Compare To Mechanical Test Data for Autoclave Cured

Materials

Mir_imal Mechanical Oala Available for Vacuunl Bag Cure

Non Autoclave Cure _hotomicro,]raphs

All Materlaq A V,lcuum Bag Cure Panels Had Unacceptable Disbonds or

noro_,lty

- ; ;_ StandardLay-up, VacuumBag

Enhance Cure Processing Evaluation

• Materials Must Have Compahble 0{11 hie w_tll Proposed Process

AppR._aches

• Shrink Tape

- Application Process On Full Scale Tanks May Need Development

or Automation Due to Weight of Rc.)lls

• Improved Debulking

- Need to Ensure Scale-up Does Not Exceed Material Oul-hle Due

to Increased Process Flow Time

• Recommend Automated MatePal Applicalion for All Concepls

Proposed

- Aids Debulk

- Reduces Flow Time and Improves Abilil? to Complete Process

With.I Oul-hle of Malerials
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Non Autoclave Cure Photomicrographs

Firsl Mat'l B Panel Produced with the
New Process (Panel #81

.... __

Second Mat3 B Panel Produced

with the New P.... ss _Panel #10) .... _i? !_ 3_ i;ii; _

Non Autoclave Cure Photomicro Iraphs

Pressure Only M3tl B Prepreg Pa=lel #2 :_="

Prepreg Panel # 6



Ultrasonic Compaction With
Vacuum Bag Cure

Collaborative Effort Between

Northrop Grumman and Foster Miller

(Utilizes Foster Miller Patented Technology)

Ultrasonic Compaction Evaluation

scaleu_
" Requires Automation

Should be Integrated with Automated Tow or Tape

Lamination Equipment for Large Cryotank Structures

Needs Evaluation/Development to Determine if Lamination

and Compaction Should be Performed Simultaneously or

Independent of Each Other for Optimal Lamination Speeds

• Development Underway to Scale to Larger Width Compaction

Heads

• Needs Denlonstration on Compound Geometry with Wider Width

Heads

• May Require Special Horn Configurations for Complex Details

Such As Hats

Ultrasonic Compaction Evaluation

Materials Maturity.

• Materials Selected Are Production Proven Prepreg Materials

• Ultrasonic Compaction Properties Did Not Degrade Laminate

Quality when used with Autoclave Cure on Other Programs

• Minimal Properties Available for Non-autoclave UTL Processing,

Equivalency Testing Required to Compare to Autoclave

Properties

• Not Previously Demonstrated to Over Core



Ultrasonic Compaction Evaluation

• Dosi nCom atibiht

• Compatible with All Designs that Could be Tow / Tape Placed

• More Dif|icult to Support Complex Details Like Hats

• Solid State Cure Process Needs Validation for Each Material

System

Not Compatible with All Composite Materials

- May Pose Challenge with Some Adhesive/Material

Combinations to Get Proper Adhesive Flow

Ultrasonic Compaction of Laminates

• Initial H/C Panels
Mat*l El Laminate Photomicrograph

Free Standbtg Solid Slate
Solid State Cure

Cure (SSC}

No UTL Induced Pillowing Minimum Voids

Good Adhesive Fillets Ply Thickness Within Specified

Laminate Quality Will Thickness

Improve with Vacuum

- Future Trials Expected

Improve Quality of SSC

Over Core

Ultrasonic Compaction Photomicrographs

Vacuum Bag Oven Cure , ._,,,

Near Autoclave

Compaction Quality Bag Oven Cure)

and Other Resin

Systems

Convenlional Autoclave Cure

ASDL15771 LOX Panel Mat'l B _ .
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_Mechanical_Test Results

Double Shear Bearing Strength

Non-Autoclave Process Scale-Up

ISSU_

• 2nd Gen RLV Cryotank Sizes Up to 27.5 Feet Diameter
and 83 Feet Long"

• Current National Autoclave Capability Is Limited to
25' Diameter (22' Maximum Tank OML)

• Segmented Tanks Require Joints That Pose Leakage
Issues and Significantly Increase Complexity of

Design, Manufacturing, and Maintenance

• Scale Up Existing Non-Autoclave Processes for

Cryotank Manufacturing Operations
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Gantry Machine Modifications

U_trnson,c Head

Mousltmg Ullrasomc Head on Ga.l_y

• Fosten Mdler Ulhasonic Head In Woak • SOW Generaled for AIM

- Calmal Asset PO for AIM irl Process
Plate

• Ganlry/Ultr,'_sonic Head Integration h_legrale UTL Conhol Funcliol;s

Complete by End ol Basic Period

• Equipment to Be Used Ior Panel and and Pneumatic Systems Ior Head

Optlol_ 1

NGC/Foster Miller UTL Head/Gantry

_ m.t_ ""

Automated U]L

at NGC On-Line

t =1 Coml_clion Trial

Integrated Controls
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Subscale Tank Manufacturing

Issue

• AllUp Tank Test Including LH2 Pressure Cycling and

Axial Loads Required Before Option II to Achieve TRL

of 6 by 2005

• Non-Autoclave Processing Development Schedule

May Not Support Option I Tank Fabrication

A_roach

• Fabricate and Test Autoclave Cured Subscale Tank in

Option I to Validate Structural Design and Cryogenic
Performance

• Make Subscale Tank Details Representative of Full

Scale Designs to the Maximum Extent Possible
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Subscale Tank Development Activities

Far
Subscale Tank Risk Mitigation Activities

Resolving

• Perform Tooling Coordination and Natural Path

Interface Check with Existing NASA Issues and

Tools (Designs In Work) Improved
Larqln311orl

• Evaluating Protocol Established for Techr_lques Dome Wrmkles

Working On Site At NASA Ehm=n,_tl_d 1 "' Attempt
WrLrlkies

• Coordinating NGC Support and

Personnel Required to Work On Site .
At NASA- Mfg Eng., Technicians,

Quality, and Engineering _ _-.
Manufacturing Process Risk iV z . " _

Reduction Activities Started _ "

• Overall Procedures / Work Process _=_-

Dry Runs Started Using Process

and Tool Proof Articles Prior to

Fabrication of Subscalo Tank In

Option 1
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Summary of Accomplishments

Manufacturing

• Non-Autoclave Process Trials Complete

• Head Fabrication and Gantry Modifications

100% Complete

• Subscale Tank Test Element Fabrication Complete

• Subscale Tank Composite Splice Plates Complete

• Subscale Tank Tools 100% Complete

• Subscale Tank Risk Mitigation Demo Complete

• Full Scale Tank Simulation Models Complete

• Conceptual Seamless Tank Tool Designs Complete
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